CUTTING-OIL COATER AND CUTTING DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a cutting-oil coater for applying 

cutting-oil to a workpiece or a tool during cutting and a cutting device. 

2. Description of the Prior Art 

Hitherto, cutting-oil has been applied to a target object, a tool, or the 
10 like in order to improve machining accuracy and to extend tool life. When 
applying oil in a state of droplet, cutting can be carried out with only a 
necessity minimum amount of oil, thus not only improving machining 
"q accuracy and productivity, but also leading to improving a working 

€3 environment and the simplification of a plant and equipment. 

'% 15 Figure 6 is a view showing the configuration of one example of a 

Iff conventional cutting-oil coater. Reference numeral 50 denotes a spray feed 

device for feeding an oil spray (liquid fine particles of oil). The spray 
* conveying device includes a container 51 forming a main body. The container 

"2 51 is provided with a spray discharge nozzle 52, an air discharge nozzle 53, a 

20 spray conveying pipe 54 and an oil feed port 55. The air discharge nozzle 53, 
which is used to feed the container 51 with air, is connected to a gas source 56. 
pj The flow rate of the discharged air can be regulated by an air flow rate 

regulating valve 58b. 

The spray conveying pipe 54 is used to convey oil spray inside the 
25 container 51 to the outside of the container 51. The oil spray is injected into 
the container 51 from a nozzle tip portion 52c of the spray discharge nozzle 52. 
The spray discharge nozzle 52 has a dual structure formed of a gas tube 52a 
and an oil tube 52b that extends inside the gas tube 52a. The gas tube 52a is 
connected to a gas source 56. The flow rate of discharging gas can be 
30 regulated by a gas flow rate regulating valve 58a. The oil tube 52b is 

connected to an oil pump 57. The flow rate of oil from the pump 57 can be 
regulated by an oil flow rate regulating valve 59. 

At the nozzle tip 52c, oil fed from the oil pump 57 and gas fed from the 
gas source 57 are mixed with each other, and thus oil spray is produced and 
35 injected into the container 51. The air pressure from the spray discharge 
nozzle 52 is applied to the inside of the container 51, so that fine oil spray 
residing in the container 51 is affected by the pressure applied and is 
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conveyed to the spray conveying pipe 54. Furthermore, the gas discharged 
from the air discharge nozzle 53 can increase the internal pressure in the 
container 51. 

The oil spray passing through the spray conveying passage 54 finally 
5 is discharged from a tip 63 having a narrower diameter. Thereby, the flow 
velocity of the oil spray increases, and the oil spray is discharged in a state in 
which it is liquefied in a state of an oil droplet so that it can be attached to a 
workpiece. This discharged flow can be used as a lubricant in cutting. 

The oil 62 inside the container 51 flows into the pump 57 via the oil 
10 feed port 55 and is used for producing oil spray. The oil 62 also includes the 
oil that has dropped inside the container 51 and has not flowed into the 
conveying passage 54. The container 51 also serves as an oil storage portion. 
r ~\ Oil can be refilled into the container from an oil feed port 61 by uncapping an 

Q nil -re fillin g cap 60. 

15 However, the above-mentioned conventional cutting-oil coater has 

ill following problems. As mentioned above, the container 51 serves as an oil 

storage portion, and the oil pump 57 and various regulating valves are also 
J arranged together with the container 51. When such a device is attached to a 

machining tool, to take the convenience in oil-refilling or regulation of the flow 
S 20 rate into account, such a device is attached to, for example, a side of the 
f j machining tool that faces an aisle. Thereby, in general, the distance between 

the oil coater main body and a position for cutting is increased, and thus the 
total length of the conveying passage 54 also is increased. 

In this case, since the conveying passage 54 is provided in accordance 
25 with the shapes of the various portions of the machining tool, the conveying 
passage 54 has a large number of bend portions between the container 51 and 
the discharge portion 63. The presence of the bend portions causes 
turbulence in the oil spray during conveying. As a result, a part of fine oil 
spray is liquefied. Such a liquefaction of the oil spray may cause clogging in 
30 the conveying passage 54, thus preventing the conveying of the oil spray. 

One of the measures taken for solving such problems may be to take a 
specification of the shapes of the various portions at the side of the machining 
tool so that the bend portions in the conveying passage 54 are reduced. In 
this case, the specification of the machine tool is hmited as well as the 
35 machining tool becoming larger. Furthermore, space for providing the 
machining tool has to be increased, which is not realistic. 

Furthermore, if the coater itself is provided in the vicinity of cutting 
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portion, the above-mentioned problem is solved. However, in this case, the 
oil supply becomes inconvenient and the regulation of the device or checking 
of operation becomes inconvenient. For example, when the coater is provided 
at a high place in the large size machining tool, work such as an oil supply 
becomes extremely difficult. 

SUMMARY OF THE INVENTION 

With the foregoing in mind, it is an object of the present invention to 
provide a cutting-oil coater capable of preventing the liquefaction of oil spray 
during conveying and improving the efficiency of work, for example, oil- 
refilling, etc. by forming a spray feed portion and an oil storage portion 
separately and enabling the arrangement position thereof to be regulated. 

In order to achieve the above-mentioned object, a cutting-oil coater of 
the present invention includes a spray feed portion, an oil storage portion for 
storing oil to generate spray, an oil feed means for feeding oil in the oil storage 
portion to the oil spray feed portion, and a spray conveying passage for 
conveying the oil spray inside the spray feed portion to the outside of the 
spray feed portion, wherein the spray feed portion and the oil storage portion 
are formed separately from each other and can be remote arranged in 
different positions respectively, and the arrangement position can be adjusted. 
With such a cutting-oil coater, since the spray feed portion can be attached in 
the vicinity of the cutting portion and the oil storage portion can be disposed 
in a place where an oil-refilling work can easily be carried out, it is possible 
both to prevent liquefaction of the oil spray during conveying and to improve 
the efficiency of work such as an on-refiLling. 

It is preferable that the above-mentioned cutting-oil coater further 
includes a return passage for allowing the oil in the spray feed portion to 
return to the oil storage portion. With such a cutting oil coater, oil can be 
reused. 

Furthermore, it is preferable that the pressure inside the spray feed 
portion is higher than the pressure inside the oil storage portion, and the oil 
inside the return passage is conveyed to the oil storage portion due to the 
difference between the pressure inside the spray feed portion and the pressure 
inside the oil storage portion. With such a cutting-oil coater, since it is not 
necessary to use an oil pump etc. for conveying a returning oil and it is not 
necessary to use the gravity dorp for return of oil, the degree of freedom in the 
arrangement of the return passage is enhanced. 



Furthermore, it is preferable that an inlet of the return passage in the 
spray feed portion is an orifice with a narrower diameter with respect to the 
return passage. With such a preferred cutting-oil coater, it is possible to 
reduce the gas flow rate inside the spray feed portion while conveying oil to 
5 the oil storage portion. 

It is preferable that the inlet of the return passage has a narrower 
diameter portion whose cross-sectional area is in the range from 0.05 mm 2 to 
0.15 mm 2 . With such a cutting-oil coater, it is possible to prevent the gas in 
the spray feed portion from flowing into the return passage while conveying 
10 oil to the oil storage portion. 

Furthermore, it is preferable that a cross-sectional area of the inlet of 
the return passage is variable. With such a cutting-oil coater, since it is 
■JJ possible to regulate the cross-sectional area of the inlet of the return passage 

E in accordance with the internal pressure of the spray feed portion, for example, 

15 in a case where the internal pressure of the spray feed portion is increased, it 
||i is possible to suppress the gas from flowing into the inlet by reducing the 

cross-sectional area of the inlet. 

Next, a cutting device of the present invention includes the above- 
mentioned cutting oil coater. With such a cutting device, since the spray feed 
20 portion can be attached in the vicinity of the cutting portion and the oil 
storage portion can be disposed in a place where an oil-refilling work can 
easily be carried out, it is possible both to prevent liquefaction of the oil spray 
during conveying and to improve the efficiency of work such as an oil-refilling. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a view showing a configuration of a cutting-oil coater 
according to one embodiment of the present invention. 

Figure 2 is a cross-sectional view showing a detail of a spray feed 
portion according to one embodiment of the present invention. 
30 Figure 3 is a perspective view showing a state in which a cutting-oil 

coater is placed in a machining tool according to one embodiment of the 
present invention. 

Figure 4 is a view showing a variable narrowing portion of a cutting- 
oil coater according to another embodiment of the present invention. 
35 Figure 5Ais a view showing a configuration of a cutting-oil coater 

using another spray feed portion according to the first embodiment of the 
present invention. 



4 



Figure 5B is an enlarged cross-sectional view showing a vicinity of the 
flow passage of the spray feed portion main body according to another 
embodiment of the present invention. 

Figure 6 is a view showing a configuration of a conventional cutting- 
oil coater. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, one embodiment of the present invention will be 
explained with reference to the accompanying drawings. Figure 1 is a view 
showing a configuration of a cutting-oil coater according to a first embodiment 
of the present invention; and Figure 2 is a cross-sectional view showing a 
detail of the spray feed portion 1 shown in Figure 1. 

The particle size of the oil spray fed from a spray discharge pipe 3 has 
a variation ranging from fine to large. In the container 2, most of the larger 
diameter oil spray or oil droplets drop by gravity, and some of them are 
attached to the inner wall of the container 2 and then move to a lower part in 
the container 2. Hereinafter, fine oil spray denotes oil spray capable of 
drifting in the air in the form of fume. 

The gas pressure from the spray discharge pipe 3 is applied to the 
inside of the container 2, so that fine oil spray residing in the container 2 is 
affected by the pressure applied and conveyed to the inside of a spray 
conveying passage 4. 

The oil spray passing through the spray conveying passage 4 finally is 
discharged into the atmosphere from a tip 4a having a narrower diameter. 
The flow velocity of the oil spray is increased at the tip 4a, and the oil spray is 
changed to the state of an oil droplet so that it can be attached to a work piece. 
This discharging flow can be used as a lubricant for cutting. 

In general, the tip 4a corresponds to, for example, a tip of a drill, etc. 
When the diameter of the tip 4a is increased by exchanging tools, it may be 
impossible to secure the flow velocity necessary for forming the oil spray into 
oil droplets at the tip portion 4a. In this case, by increasing the internal 
pressure inside the container 2 by the use of the gas from a gas discharging 
pipe 5, it is possible to secure the flow velocity necessary for forming the oil 
spray into oil droplets. 

OH spray fed from the spray discharge pipe 3 is generated by mixing 
oil and gas such as air. Figure 2 shows an example in which oil spray is 
generated by the dual pipe structure. In this example, oil from an oil tube 3b 



and gas from a gas tube 3a are mixed with each other, and thus oil spray is 
generated. 

As shown in Figure 1, the oil tube 3b is connected to an oil supply 
pump 6 that is an oil feeding means. The gas tube 3a is connected to a gas 
5 source 7. The amount of oil supplied and the amount of gas supplied can be 
regulated by an oil flow rate regulating valve 8a and a gas flow rate regulating 
valve 8b, both of which are flow rate regulating means, respectively. 
Furthermore, a gas discharge pipe 5 is connected to a gas source 7 and the 
amount of gas supplied can be regulated by a gas flow rate regulating valve 8c 
10 that is a flow rate regulating means. 

The oil supply pump 6 is connected to an oil tank 9 that is an oil 
y t storage portion. Oil flows into the oil supply pump 6 from the oil tank 9. 

I Furthermore, the oil tank 9 is connected to the container 2 via an oil return 
C passage 10. Therefore, the oil, which has been screened in the container 2 

4* 15 and does not flow into the spray conveying passage 4, is conveyed to the oil 
supply pump 6 via the oil tank 9 and reused as oil for generating oil spray. 
§9 Furthermore, the oil can be refilled into the oil tank 9 by uncapping a re fillin g 

y. cap 9a of the oil tank 9 and filling oil through the opening. 

O A fluid feed unit 11 including the oil tank 9 surrounded by a double- 

20 dot chain line, the oil supply pump 6 and the gas source 7 is formed separately 
\-\ from the oil feed portion 1. Therefore, the fluid feed unit 11 can be provided 

in a different position remote from the spray feed portion 1. Even if the 
distance between the spray feed portion 1 and the fluid feed unit 11 is 
increased, it is possible to correspond to the increase by increasing the length 
25 of each passage connecting the spray feed portion 1 and the fluid feed unit 11. 
Therefore, according to this embodiment, it is possible to adjust the 
arrangement position of each portion, and for example, the spray feed portion 
1 can be arranged in the vicinity of a cutting position of a machining tool and 
the fluid feed unit 11 can be arranged at the side of the machining tool that 
30 faces an aisle. 

With such an arrangement, since the distance between the spray feed 
portion 1 and the cutting position is short, the spray conveying passage 4 is 
not required to be arranged in accordance with the shape of the each portion 
of the machining tool and to remove bend portions. In other words, it is also 
35 possible to arrange the spray conveying passage 4 substantially linearly. 

Consequently, the oil spray can be conveyed to the cutting position with the 
state of fine oil spray kept. 
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Furthermore, even if the spray conveying passage 4 cannot be 
arranged linearly, since the distance between the spray feed portion 1 and the 
cutting position is short, the number of bend portions in the spray conveying 
passage 4 can be reduced. As a result, it is possible to suppress the 
generation of turbulence that causes oil spray to assume the state of oil 
droplets. 

Furthermore, in this case, since the fluid feed unit 11 is arranged at 
the side of the machining tool that faces an aisle, it is not necessary for a 
worker to go to a place of the spray feed portion 1 for carrying out on-refilling 
and regulating the amount of oil and gas supplied. Thus, operations such as 
an oil-refilling can be carried out easily. 

Furthermore, with such an arrangement, the distance between the 
spray feed portion 1 and the cutting position becomes short. On the contrary, 
the distance between the spray feed portion 1 and the fluid feed unit 11 
becomes longer, and the distance of the oil conveying passages 3b, 10 and the 
gas flow passage 3a, 5 becomes longer, thus necessitating bend portions in 
accordance with the shape of respective portions of the machining tool. 
However, these passages convey oil or gas as a single substance, and therefore 
even if they involve long distance or bend portions, there are no particular 
problems in feeding oil and gas and there are no effects on the change in the 
particle of oil spray in the spray conveying passage 4. 

Figure 3 is a perspective view showing a state in which a cutting- oil 
coater is placed in a machining tool, which is a cutting device, according to one 
embodiment of the present invention. The machining tool 12 shown in this 
drawing uses a machining center. Inside a head 13, a spindle is built-in. 
During cutting, the spindle revolves at high speed, so that a tool 14 such as a 
drill, etc. that is attached to the tip of the spindle carries out cutting of a 
workpiece (not shown in the drawing). 

A table 15 is arranged on a support base 16 and can move in the 
direction shown by an arrow X. The support 17 has a vertical portion 17a 
and a horizontal portion 17b. The horizontal portion 17b is provided with a 
head support 18. In accordance with the movement of the vertical portion 
17a in the direction shown by an arrow X, the movement of the horizontal 
portion 17b of the head supporting portion 18 in the direction shown by an 
arrow Y and the movement of the horizontal portion 17b in the direction 
shown by an arrow Z, the head 13 can move in the directions shown by arrows 
X, Y and Z. 



The spray feed portion 1 is attached to the upper part of a head 
support 18. The spray conveying passage 4 from the spray feed portion 1 is 
connected to the spindle in the head 13 via the head support 18. Therefore, 
the oil spray from the spray conveying passage 4 passes through a through 
5 hole inside the spindle. The spindle is provided with, for example, a drill (a 
tool 14) having a through hole with a narrower diameter than that of the 
spindle. Thus, the oil spray passing through the through hole of the spindle 
flows into the through hole of the drill. The flow velocity of the oil spray is 
increased by passing through the through hole having a narrower diameter, 
10 and the oil spray, which is changed into oil droplets so that they can be 
attached to a workpiece and a tool, is discharged. 
i ?A In this embodiment, since the spray feed portion 1 is attached to the 

9 upper part of the head support 18, the distance between the spray feed p ortion 

2 1 and the spindle is short. Therefore, it is possible to prevent the oil spray 

I* 15 from hquefying in the midway of the flow passage. Fine oil spray from the 
spray feed portion 1 can flow into the spindle with the state of fine oil spray 
fl9 maintained. Therefore, it is possible to prevent liquid from being attached to 

^ a wall surface of the through hole in the spindle revolving at high speed, thus 

CI preventing clogging of the through hole. 

W 20 Furthermore, in this embodiment, the fluid feed unit 11 including the 

P oil tank 9, etc. is attached to the side face of the vertical portion 17a of the 

& supporting portion 17. A flow passage connecting the spray feed portion 1 

and the fluid feed unit 11 exists inside the supporting portion 17 and a pleated 
portion (a bendable or flexible portion) 19. In the pleated portion 19, electric 
25 wiring is arranged, and thus the pleated portion 19 also protects this electric 
wiring. 

A portion where the fluid feed unit 11 is attached corresponds to the 
side that faces an aisle. Therefore, on-refilling and regulation of each flow 
rate can be carried out easily. It is not necessary for a worker to go to the 
30 upper portion of the head support to which the spray feed portion 1 is attached. 
By using the device according to this embodiment like this, it is possible to 
prevent the oil spray from Hquefying during conveying and to improve the 
efficiency of work such as an on-refilling, etc. 

Furthermore, in this embodiment, as mentioned above, the spray feed 
35 portion 1 and the oil tank 9 are connected to each other by the oil return 
passage 10 to reuse oil (Figures 1 and 2). 

As shown in Figure 2, an inlet port 10a to an oil return passage 10 is 
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arranged in the bottom portion of the container 1. This inlet port 10a has a 
narrower diameter as compared with the inner diameter of the return passage 

10 and has an orifice (an aperture having a length relatively shorter than the 
size of the cross section) shape. The reason why the diameter of the inlet port 

5 10a is narrow like this is to reduce the flow rate of gas in the container 1 while 
conveying oil. In Figure 2, a case where the inlet port 10a is formed into one 
unit with the return passage 10 is shown, however, the configuration is not 
limited to this alone, and a cylindrical member having a through hole may be 
fit into the return passage 10 and the through hole may be used as an inlet 
10 port. 

In this embodiment, the oil tank 9 shown in Figure 1 has an open 
portion (not shown in the drawing) and the pressure inside the oil tank 9 is 
Ji: equal to the atmospheric pressure. Furthermore, as mentioned above, since 

P the oil spray is finally discharged from the tip portion 4a into the atmosphere, 

15 the pressure inside the container 2 is set to a value that is higher than the 
; : ; atmospheric pressure. Therefore, oil inside the return passage 10 is 

W conveyed to the oil tank 9 due to the difference in pressure between the 

container 1 and the oil tank 9. Therefore, since it is not necessary to use an 

011 pump, etc. and it is not necessary to particularly use the gravity drop for 
M 20 return of oil, the degree of freedom in the arrangement of the return passage 
IU 10 is increased. 

Specifically, the internal pressure of the container 1 is preferably 0. 15 
to 0.4 MPa in use. When the internal pressure is in the above-mentioned 
range, it is possible to discharge oil spray in a state of an oil droplet into the 

25 atmosphere. In this case, it is preferable that a cross sectional area of the 
inlet port 10a on the bottom portion of the container 1 includes a portion 
whose cross-sectional area is 0. 15 mm 2 or less. Furthermore, when the 
fluidity of oil is taken into account, the cross-sectional area is preferably 0.05 
mm 2 or more. When the cross sectional area is in such a range, it is possible 

30 to prevent the reduction of gas flow rate in the container 1 and to prevent the 
reduction of the internal pressure 1 in the container. The cross-sectional 
area herein denotes an effective area of the portion for allowing the fluid to 
pass through. 

When a large amount of gas inside the container 1 flows into the oil 
35 return passage 10, the internal pressure in the container 1 is reduced as well 
as oil being changed into oil spray inside the oil return passage 10, and this oil 
spray is blown out from the open portion of the oil tank 9, which is not 
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preferable for the working environment. 
(Second Embodiment) 

In the second embodiment, a cross-sectional area of the portion that 
corresponds to the inlet port 10a of the oil return passage 10 in the first 
embodiment is variable. In this embodiment, a variable narrowing portion is 
attached to the bottom portion of the container 2. The main part thereof is 
shown in Figure 4. 

The variable narrowing portion 41 is attached to the bottom portion of 
the container 2 and oil flows into the container 2 from the inlet port 42 . The 
oil flowing into the variable narrowing portion 41 is conveyed to the inside of 
the oil tank via the oil return passage 44. In the inlet port 42, a tapering 
portion 43a of a needle 43 is located, thereby narrowing the diameter of the 
inlet port 42. 

The revolution around the axis of the needle 43 allows the needle 43 to 
be displaced vertically and horizontally (in the direction shown by "a") and the 
position of the taper portion 43a also to be displaced. Thus, the narrowing 
state of the inlet port 42 by the tapering portion 43a also is changed. The 
cross-sectional area of the portion where the fluid can pass through the inlet 
port 42 is changed at the tapering portion 43a. 

By providing the variable narrowing portion 41 like this, the cross- 
sectional area of the inlet port 42 can be regulated in accordance with the 
internal pressure in the container 2. For example, when the internal 
pressure in the container 2 is increased, by reducing the cross sectional area of 
the inlet port 42, the reduction of gas flow rate inside the container 2 can be 
suppressed. 
(Third Embodiment) 

Figure 5 A is a view showing a configuration of a cutting-oil coater 
using another spray feed portion according to the first embodiment of the 
present invention; and Figure 5B is an enlarged cross-sectional view showing 
a vicinity of the flow passage 22 of the spray feed portion main body 2 1. The 
flow passage 22 is formed inside the spray feed portion main body 21 of the 
spray feed portion 20. Gas such as an air from a gas pipe 23 for generating 
spray, a gas pipe 24 and oil from an oil pipe 25 flow into the flow passage 22. 
As shown in Figure 5B, the spray generating portion 26 has an inner diameter 
that is narrower than that of the flow passage 22a, and thus the flow velocity 
of oil and gas is increased. In the spray generating portion 26, a gas from the 
gas pipe 23 for generating spray and an oil from the oil pipe 25 are mixed, and 
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thereby the oil spray is produced. 

The gas in the gas pipe 23 for generating spray and the gas pipe 24 are 
fed from the gas source 27 and the amount to be conveyed in respective pipes 
can be regulated by the regulating valves 28a and 28b that are air regulating 
means. The oil inside the oil pipe 25 is fed by the oil pump 36 into which the 
oil flows from an oil tank 37. The flow rate of oil in the oil pipe 25 can be 
regulated by the regulating valve 28c that is an oil regulating means. 

It is possible to regulate the amount of oil spray or particle diameter of 
oil spray by regulating the flow rate in the air pipe 23 for generating spray 
and the flow rate of oil inside the oil pipe 25. Furthermore, it is possible to 
regulate the pressure at the final outlet portion of the oil spray by regulating 
the flow rate in the air pipe 24. Reference numeral 38 denotes a manometer 
for detecting the pressure of the oil spray. 

The spray feed portion 20 of the third embodiment does not have a 
particle size screening function as in the first embodiment. However, since a 
container and an oil returning passage are not needed, the device has an 
advantageous, for example, miniaturization of the device or a low cost. The 
oil spray generated at the spray feed portion 20 has much distribution in 
particle size as compared with the oil spray in the first embodiment. 
However, also in this embodiment, it is preferable that the oil spray is 
prevented from being liquefied while conveying. It is preferable that the oil 
spray is conveyed to the final outlet portion with a state in which it is 
generated at the spray feed portion 20 kept. 

Also in this embodiment, since a spray feed portion 20 is formed 
separately from the liquid feed unit 39 surrounded by a double-dot chain line, 
it is possible to attach the spray feed portion 20 in the vicinity of the cutting 
portion and to attach a fluid feed unit 39 at the side that faces an aisle, etc. 
where oil-refining work and regulation work can easily be carried out. 
Therefore, as in the first embodiment, the distance between the spray feed 
portion and the cutting position can be shortened. As a result, it is possible 
to prevent clogging of the spray conveying passage 40 due to the liquefaction 
of oil spray during conveying. 

Furthermore, in this case, as in the first embodiment, since the feed 
portion is arranged at the side of a machining tool that faces an aisle, it is not 
necessary for a worker to go to the spray feed portion 20 for oil -re fillin g or 
regulating the feed amount of oil or gas. Thus, it is possible to carry out the 
work such as oil-refilling, etc. easily. In other words, also in this embodiment, 
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it is possible both to prevent liquefaction of the oil spray during conveying and 
to improve the efficiency of work such as oil -re fillin g, 

In each of the above-mentioned embodiments, at least a spray feed 
portion may be arranged in the vicinity of the cutting portion independently. 
All components of the fluid feed unit are not necessary to be arranged in the 
same place. For example, if the spray feed portion and the oil storage portion 
can be arranged separately, it is possible both to prevent the liquefaction of 
the oil spray during the conveying and to improve the efficiency of work such 
as oH-refilling. Therefore, each component of the fluid feed unit may be 
appropriately determined so that the operation of each part and efficiency are 
improved. For example, the oil feed portion and the regulating valve may be 
appropriately arranged in the different places. 

The invention may be embodied in other forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects as illustrative and not 
Hmitative, the scope of the invention is indicated by the appended claims 
rather than by the foregoing description, and all changes which come within 
the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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